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(54) IN‑VEHICLE CHARGING DEVICE

(57) An in-vehicle charging device (10) charges a
first direct current (DC) power supply (3) and a second
DC power supply (30) electrically isolated from the first
DC power supply (3) with power supplied from an ex-
ternal alternating current (AC) power supply (4), the in-
vehicle charging device (10) including an AC-DC con-
verter (1) that converts power between AC power on the
external AC power supply (4) side and first DC power on
the first DC power supply (3) side, and converts power
between AC power on the external AC power supply (4)
side and second DC power on the second DC power

supply (30) side, in which theAC-DC converter (1) is a
triple active bridge circuit including: a transformer (T)
including a primary-side coil (T1), a secondary-side first
coil (T21), and a secondary-side second coil (T22); a
primary-side bridge circuit (111) connected to the pri-
mary-side coil (T1); a secondary-side first bridge circuit
(112) connected to the secondary-side first coil (T21);
and a secondary-side second bridge circuit (113) con-
nected to the secondary-side second coil (T22), and the
primary-side bridge circuit (111) includes a bidirectional
switching device.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an in-vehicle
charging device.

BACKGROUND DISCUSSION

[0002] JP2022‑503713Tdiscloses an in-vehicle char-
ging device (onboard charger) that charges a direct
current (DC) power supply mounted on a vehicle pro-
videdwitha rotatingelectricalmachineasadrivingpower
source of wheels of an electric vehicle, a hybrid vehicle,
or the like in a state where the DC power supply is
mounted on the vehicle. Fig. 1 of JP 2022‑503713 T
illustrates a schematic block diagram of an in-vehicle
charging device that charges an in-vehicle DC power
supply (140) by receiving power supply from an external
alternating current (AC) power supply (110). The in-ve-
hicle charging device includes anAC-DCconverter (120)
that converts AC power supplied from the external AC
power supply into DC power, and a DC-DC converter
(130) that transforms the DC power while reducing a
pulsationcomponent included in theconvertedDCpower
and supplies the transformed DC power to a DC power
supply.
[0003] Fig. 8 illustrates one form of such an in-vehicle
charging device. An AC-DC converter (1) can include an
input inductor (Li) and a full-bridge circuit (111). In addi-
tion, a DC-DC converter (2) can be configured as a dual
active bridge (DAB) circuit including a transformer (T), a
full-bridge circuit (211) disposed on a primary side of the
transformer (T), and a full-bridge circuit (212) disposed
on a secondary side of the transformer (T). TheAC-DC
converter (1) including the full-bridge circuit (111) also
functions as a power factor correction (PFC) circuit that
improves the power factor of the DC power converted
from theACpower. In addition, the full-bridge circuit (111)
is also subjected to switching control so as to suppress
pulsation of a second harmonic wave of the frequency of
the AC power. The DC-DC converter (2) further reduces
the pulsation component of the DC power by the dual
active bridge circuit and provides a charging current to
the DC power supply (3).
[0004] In addition, in an electric vehicle that has been
widely used in recent years, a motor that requires a
relatively high output (workload) may be mounted in
addition to a rotating electrical machine (traction motor)
serving as adriving power source ofwheels. Examples of
the motor include a motor that drives a device (a com-
pressor or the like) constituting an air conditioner that
cools and heats the vehicle interior, and a motor that
drives a pump that circulates a fluid (for example, oil) for
lubricating and cooling a driving device (traction motor,
gear mechanism, and the like) of wheels. In order to
supply power to thesemotors, a secondDCpower supply
may be provided in addition to the DC power supply (first

DC power supply) connected to the traction motor. As
illustrated inFig. 9, it is preferable that not only thefirstDC
power supply (3) but also a secondDCpower supply (30)
can be charged from the external AC power supply (4).
[0005] In the form illustrated in Fig. 8, three full-bridge
circuits are provided as the in-vehicle charging device,
and a large number of switching devices are required as
the entire in-vehicle charging device. As in the form
illustrated in Fig. 9, in a case where a plurality of DC
power supplies is charged, the number of switching
devices further increases. In addition, in recent years,
the performance of the chargeable secondary battery
has been significantly improved, and there is a possibility
that a charging current having a pulsation with a larger
amplitude than that in the related art may be allowable
during charging. Therefore, there is also a possibility that
the need to suppress pulsation generated at the time of
power conversion from an AC to a DC will be reduced as
compared with the present situation.
[0006] A need thus exists for an in-vehicle charging
device that charges an in-vehicle DC power supply with
power from an external AC power supply, the in-vehicle
charging device being configured with suppressed sys-
tem cost.

SUMMARY

[0007] The in-vehicle charging device considering the
above points is an in-vehicle charging device that
charges a first direct current (DC) power supply and a
second DC power supply electrically isolated from the
first DC power supply with power supplied from an ex-
ternal alternating current (AC) power supply, the in-ve-
hicle charging device including an AC-DC converter that
converts power between AC power on the external AC
power supply side and first DC power on the first DC
power supply side, and converts power between AC
power on the external AC power supply side and second
DC power on the second DC power supply side, in which
the AC-DC converter is a triple active bridge circuit in-
cluding: a transformer including a primary-side coil, a
secondary-side first coil, and a secondary-side second
coil; a primary-side bridge circuit connected to the pri-
mary-side coil; a secondary-side first bridge circuit con-
nected to the secondary-side first coil; and a secondary-
side second bridge circuit connected to the secondary-
side second coil, and the primary-side bridge circuit in-
cludes a bidirectional switching device.
[0008] With this configuration, since the AC-DC con-
verter includes the transformer, it is possible to ensure
insulation between the external ACpower supply and the
first DC power supply, between the external DC power
supply and the second DC power supply, and between
the first DC power supply and the second DC power
supply. In this manner, the first DC power supply and
the second DC power supply are charged by the first DC
power and the second DC power converted by the AC-
DC converter, respectively, without separately including
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a converter that converts power between a DC and a DC
in a state where insulation is secured, so that the in-
vehicle charging device can be configured on a small
scale. In addition, since the primary-side bridge circuit
includes the bidirectional switching device, switching
control of the primary-side bridge circuit can be per-
formed not by voltage control using a capacitor but by
current control using an inductor. Since a capacitor hav-
ing a large capacity tends to havea large size, it is easy to
suppress an increase in size of the in-vehicle charging
device. In addition, the bidirectional switching device
easily realizes soft switching accompanied by zero cur-
rent switching in which a current flowing through the
switching device is zero at the time of switching. There-
fore, the loss of the in-vehicle charging device can be
easily reduced, and the system cost can be easily re-
duced. As described above, with this configuration, it is
possible to provide an in-vehicle charging device that
charges an in-vehicle DC power supply with power from
an external AC power supply with suppressed system
cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 is a circuit block diagram illustrating a first
example of an in-vehicle charging device;
Fig. 2 is a circuit block diagram illustrating a second
example of the in-vehicle charging device;
Fig. 3 is a circuit block diagram illustrating a third
example of the in-vehicle charging device;
Fig. 4 is a circuit block diagram illustrating a fourth
example of the in-vehicle charging device (one ex-
ample of the in-vehicle charging device using a drive
control system of a rotating electrical machine in the
third example);
Fig. 5 is a circuit block diagram illustrating a fifth
example of the in-vehicle charging device;
Fig. 6 is a circuit block diagram illustrating a sixth
example of the in-vehicle charging device (an ex-
ample of the in-vehicle charging device using a drive
control system of a rotating electrical machine in the
fifth example);
Fig. 7 is a schematic circuit block diagram of a drive
control system of a first rotating electrical machine;
Fig. 8 is a circuit block diagram illustrating one ex-
ample of a conventional in-vehicle charging device;
and
Fig. 9 is a circuit block diagram illustrating another
example of the conventional in-vehicle charging de-
vice.

DETAILED DESCRIPTION

[0010] Hereinafter, an embodiment of an in-vehicle
charging device will be described with reference to the
drawings. The circuit block diagram of Fig. 1 illustrates a
first example of an in-vehicle charging device 10. The in-
vehicle charging device 10 is a device that charges a first
DC power supply 3 and a second DC power supply 30
with power supplied from an external AC power supply 4
in a state where the first DC power supply 3 and the
second DC power supply 30 aremounted on the vehicle,
and is a device called an on-board charger. In the present
embodiment, the first DC power supply 3 and the second
DC power supply 30 are DC power supplies that are
electrically independent fromeach other and are isolated
from each other. In addition, the in-vehicle charging
device 10 is a bidirectional power conversion device,
and for example, can convert DC power supplied from
the first DC power supply 3 or the second DC power
supply 30 into AC power of a commercial frequency and
output theACpower. The first DCpower supply 3 and the
second DC power supply 30 may have different or the
same rated voltage, and may have the same or different
storage capacity. However, the present embodiment il-
lustrates a form in which the first DC power supply 3 is a
so-called high-voltage DC power supply having a rated
voltage of about 200 to 400 volts, and the second DC
power supply 30 is a so-called low-voltage DC power
supply having a rated voltage of about 12 to 50 volts.
[0011] The first DC power supply 3 and the second DC
power supply 30 include, for example, a rechargeable
secondary battery (battery) such as a lithium ion battery,
an electric double layer capacitor, and the like. For ex-
ample, in a case where the rated voltage of the second
DC power supply 30 is about 12 to 24 volts, the second
DC power supply 30 may be a lead-acid battery.
[0012] Although not illustrated, for example, when the
first DC power supply 3 or the second DC power supply
30 is a lithium ion battery or the like, a battery manage-
ment system (BMS) is often provided. A secondary bat-
tery such as a lithium ion battery includes a plurality of
cells (battery cells). The batterymanagement system is a
battery management control system that performs (1)
prevention of overcharge and overdischarge of a cell, (2)
prevention of overcurrent from flowing through a cell, (3)
temperature management of a cell, (4) calculation of a
state of charge (SOC), (5) equalization of a cell voltage,
and the like. As will be described later with reference to
Fig. 7, in a case where a battery current sensor 31 and a
battery voltage sensor 32 are provided, these sensors
may be configured as a part of the battery management
system.
[0013] The in-vehicle charging device 10 and the first
DC power supply 3 are configured to be able to connect
and disconnect electrical connection by a first main con-
tactor 11, and the in-vehicle charging device 10 and the
second DC power supply 30 are configured to be able to
connect and disconnect electrical connection by a sec-
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ond main contactor 14. In addition, the in-vehicle char-
ging device 10 and the external AC power supply 4 are
configured tobeable to connect anddisconnect electrical
connection by a grid contactor 13. The first main con-
tactor 11, the second main contactor 14, and the grid
contactor 13 are, for example, relays. The relaymay be a
mechanical relay or a semiconductor relay (solid state
relay). The same applies to other contactors described
later.
[0014] As illustrated in Fig. 1, the in-vehicle charging
device 10 includes an AC-DC converter 1 that converts
power between AC power on the external AC power
supply 4 side and first DC power on the first DC power
supply 3 side, and converts power betweenAC power on
the external AC power supply 4 side and second DC
power on the second DC power supply 30 side. An LC
filter circuit 1f including a filter inductor Lf and a filter
capacitorCf is provided in a connection portion of theAC-
DC converter 1 with the external AC power supply 4
(between a primary-side bridge circuit 111 to be de-
scribed later and the external AC power supply 4). Note
that this does not hinder the form without the LC filter
circuit 1f.
[0015] The AC-DC converter 1 includes a transformer
T including a primary-side coil T1 and a secondary-side
coil T2.Thesecondary-sidecoil T2 includesasecondary-
side first coil T21 and a secondary-side second coil T22.
A primary-side circuit 1a including the primary-side coil
T1 is formed on the primary side of the transformer T. On
the secondary side of the transformer T, a secondary-
side circuit 1b including the secondary-side first coil T21
and the secondary-side second coil T22 is formed. The
primary-side circuit 1a includes a primary-side bridge
circuit 111 connected to the primary-side coil T1, and
an LC filter circuit 1f. The secondary-side circuit 1b
includes a secondary-side first bridge circuit 112 con-
nected to the secondary-side first coil T21, a secondary-
side second bridge circuit 113 connected to the second-
ary-side second coil T22, a secondary-side first inductor
Ls1 disposed between the secondary-side first coil T21
and the secondary-side first bridge circuit 112, and a
secondary-side second inductor Ls2 disposed between
the secondary-side second coil T22 and the secondary-
side second bridge circuit 113. That is, the AC-DC con-
verter 1 is a triple active bridge (TAB) circuit including the
transformer T including the primary-side coil T1, the
secondary-side first coil T21, and a secondary-side sec-
ond coil T22, the primary-side bridge circuit 111 con-
nected to the primary-side coil T1, the secondary-side
first bridge circuit 112 connected to the secondary-side
first coil T21, and the secondary-side second bridge
circuit 113 connected to the secondary-side second coil
T22.
[0016] A first output capacitor Cs1 is disposed on the
side opposite to the secondary-side first coil T21 in the
secondary-side first bridge circuit 112. When the first
main contactor 11 is closed, the first output capacitor
Cs1 isconnected inparallel to thefirstDCpowersupply3,

and functions as a smoothing capacitor that smooths an
output voltage from the AC-DC converter 1 (secondary-
side first bridge circuit 112). Pulsation of a harmonic
component of the frequency of the external AC power
supply 4 may be superimposed on the voltage output
from theAC-DCconverter 1, and thefirst output capacitor
Cs1 reduces the amplitude of the pulsation component.
Similarly, a second output capacitor Cs2 is disposed on
the side opposite to the secondary-side second coil T22
in the secondary-side second bridge circuit 113. When
the second main contactor 14 is closed, the second out-
put capacitor Cs2 is connected in parallel to the second
DC power supply 30, and functions as a smoothing
capacitor that smooths an output voltage from the AC-
DC converter 1 (secondary-side second bridge circuit
113).
[0017] In the present embodiment, a switching device
11S included in the primary-side bridge circuit 111 is a
bidirectional switching device. That is, the primary-side
bridge circuit 111 includes a bidirectional switching de-
vice. The bidirectional switching device is an element
capable of causing a current to flow bidirectionally, and
has a withstand voltage equivalent to a voltage having
both positive and negative polarities with respect to the
element. Therefore, it is easy to construct a current
control type AC-DC converter using an inductor (filter
inductor Lf) as the primary-side circuit 1a in the AC-DC
converter 1. This inductor acts to cause a constant cur-
rent to flow. A voltage control type AC-DC converter
requires a large-capacity capacitor. However, by using
a current control type AC-DC converter, a large-capacity
capacitor is unnecessary, and thecomponent cost canbe
reduced and an increase in size of the device can be
suppressed. Note that the filter capacitor Cf is a small-
capacity capacitor. In addition, the bidirectional switching
device easily realizes soft switching accompanied by
zero current switching in which a current flowing through
the switching device is zero at the time of switching.
Therefore, the loss of the in-vehicle charging device 10
can be easily reduced, and the system cost can be easily
reduced.
[0018] Note that the switching device 12S included in
the secondary-side first bridge circuit 112 and the switch-
ing device 13S included in the secondary-side second
bridge circuit 113 need not be bidirectional switching
devices. The present embodiment exemplifies a field
effect transistor (FET) as the switching device 12S and
theswitchingdevice13S.A freewheel diode is connected
in parallel to each switching device with a direction from
the negative electrode to the positive electrode (direction
from the lower-stage side to the upper-stage side) as a
forward direction. As a matter of course, when a body
diode is used or when reverse conduction in a wide
bandgap semiconductor transistor made of enhanced
mode gallium nitride (E-GaN) is used, the freewheel
diode of such a form may not be provided.
[0019] In the present embodiment, since the AC-DC
converter 1 includes the transformer T, it is possible to
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ensure insulation between the external AC power supply
4 and the first DC power supply 3, between the external
AC power supply 4 and the second DC power supply 30,
and between the first DC power supply 3 and the second
DC power supply 30. In a case where the external AC
power supply 4 is not electrically independent of the first
DC power supply 3 and the second DC power supply 30,
the ground is common, so that a relatively high leakage
currentmay flow to theground.Since there is a possibility
that a user is present in the vicinity of the vehicle during
charging of the first DC power supply 3 and the second
DC power supply 30, it is preferable to consider such a
leakage current. In addition, in the configuration in which
the external AC power supply 4 is not electrically inde-
pendent of thefirstDCpowersupply 3and the secondDC
power supply 30, when a short-circuit failure or the like
occurs in the external AC power supply 4, a large short-
circuit currentmay flow through the first DCpower supply
3 and the second DC power supply 30, and further
through the in-vehicle device connected to the first DC
power supply 3 and the in-vehicle device connected to
the second DC power supply 30. Since the in-vehicle
charging device 10 of the present embodiment includes
the dual active bridge circuit using the transformer T, the
external AC power supply 4 is isolated from the first DC
power supply 3 and the second DC power supply 30.
Therefore, it is easy toensure thesafetyof theuserduring
charging of the first DC power supply 3 and the second
DC power supply 30, and it is also possible to suppress
the influence of the short-circuit failure of the external AC
power supply 4 on the vehicle during charging of the first
DC power supply 3 and the second DC power supply 30.
[0020] The circuit block diagram of Fig. 2 illustrates a
second example of the in-vehicle charging device 10. In
the first example, the external AC power supply 4 is a
single-phase AC power supply, whereas in the second
example, the external AC power supply 4 is an AC power
supply of multiple phases. Here, a form is exemplified in
which the external AC power supply 4 is connected at a
neutral point 4N, and is constituted by three AC power
supplies havingphasesdifferent fromeachother by2π/3.
Corresponding to the three AC power supplies, the grid
contactor 13 also includes three contacts.
[0021] The primary-side circuit 1a of the second ex-
ample is configuredasa three-phaseAC-DCconverter in
order to convert power from a three-phase AC to a DC.
The primary-side bridge circuit 111 includes three arms
corresponding to the respective three phases. Also in the
second example, the primary-side bridge circuit 111 is
configured using a bidirectional switching device. The
filter inductor Lf and the filter capacitor Cf are connected
to the connection point of the switching device 11S in the
arm of each phase to form the LC filter circuit 1f. Other
configurations are similar to those of the first example,
and thus detailed description thereof is omitted.
[0022] The circuit block diagram of Fig. 3 illustrates a
third example of the in-vehicle charging device 10. Com-
pared to the first example, the in-vehicle charging device

10 of the third example further includes a DC-DC con-
verter 2 in addition to the AC-DC converter 1. In recent
years, the performance of the chargeable secondary
battery has been significantly improved, and there is a
possibility that a current having a pulsation with a larger
amplitude than that in the related art may be allowed to
flow into the secondary battery during charging. How-
ever, when a cheaper secondary battery is used as the
first DC power supply 3 and the secondDC power supply
30, it is sometimespreferable to consider theamplitudeof
thepulsationcomponent.Therefore, in the thirdexample,
the DC-DC converter 2 is provided, so that the pulsation
of the charging voltage (battery voltage) applied from the
in-vehicle charging device 10 to the firstDCpower supply
3 and the second DC power supply 30 and the charging
current (battery current) supplied from the first DC power
supply 3 and the second DC power supply 30 can be
further reduced as compared with the first example.
[0023] Since the configurations of the AC-DC conver-
ter 1 are the same in the first example and the third
example, a detailed description thereof will be omitted.
TheDC-DCconverter 2 includes a first chopper circuit 21
that converts first DC power into third DC power and a
second chopper circuit 22 that converts second DC
power into fourth DC power. The first DC power supply
3 is charged with the third DC power, and the second DC
power supply 30 is chargedwith the fourthDCpower. The
first output capacitor Cs1 that is disposed between the
AC-DC converter 1 and the first DC power supply 3 and
functions as a smoothing capacitor in the first example is
disposed between the DC-DC converter 2 and the first
DC power supply 3 as an output capacitor of the DC-DC
converter 2. Similarly, the second output capacitor Cs2 is
also disposed between the DC-DC converter 2 and the
secondDCpower supply 30 as an output capacitor of the
DC-DC converter 2. Note that a first DC link capacitor 6
that smooths a DC voltage (DC link voltage) between the
AC-DC converter 1 and the DC-DC converter 2 (first
chopper circuit 21) is disposed at a portion (DC side of
the AC-DC converter 1) where the first output capacitor
Cs1 is disposed in the first example. Similarly, a second
DC link capacitor 60 that smooths a DC voltage (DC link
voltage) between the AC-DC converter 1 and the DC-DC
converter 2 (second chopper circuit 22) is disposed at a
portion (DC side of the AC-DC converter 1) where the
second output capacitor Cs2 is disposed in the first
example.
[0024] The first chopper circuit 21 is configured as a
bust chopper including a first switching circuit 211, a first
choke coil Le1, and the first output capacitor Cs1, and
converts first DC power into third DC power. The second
chopper circuit 22 is configured as a buck chopper in-
cluding a second switching circuit 212, a second choke
coil Le2, and the second output capacitor Cs2, and con-
verts second DC power into fourth DC power.
[0025] The first switching circuit 211 has a half-bridge
configuration including one arm in which the switching
devices 21S are connected in series on the upper-stage
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side and the lower-stage side. One end of the first choke
coil Le1 is connected to a midpoint of the arm, that is, a
connection point between the switching device 21S on
the upper-stage side and the switching device 21Son the
lower-stage side. The other end of the first choke coil Le1
is connected to a positive electrode-side terminal of the
first output capacitor Cs1. The first output capacitor Cs1
is connected in parallel to the first DC power supply 3 in a
state where the first main contactor 11 is closed.
[0026] Similarly, the second switching circuit 212 has a
half-bridge configuration including one arm in which the
switching devices 22S are connected in series on the
upper-stage side and the lower-stage side. One end of
the second choke coil Le2 is connected to a midpoint of
the arm, that is, a connection point between the switching
device 22S on the upper-stage side and the switching
device 22S on the lower-stage side. The other end of the
second choke coil Le2 is connected to a positive elec-
trode-side terminal of the second output capacitor Cs2.
The second output capacitor Cs2 is connected in parallel
to the second DC power supply 30 in a state where the
second main contactor 14 is closed.
[0027] According to the third example, even if pulsation
of harmonic components of the frequency of the external
AC power supply 4 remains in the first DC power and the
second DC power, the harmonic components can be
reduced by the first chopper circuit 21 and the second
chopper circuit 22.
[0028] Meanwhile, an AC rotating electrical machine
(traction motor) is mounted as a driving power source of
wheels in an electric vehicle or a hybrid vehicle that has
been widely used in recent years. In addition, unlike an
automobile in which a conventional internal combustion
engine is used as a driving power source of wheels,
auxiliary machines such as an oil pump and a compres-
sor of an air conditioner, which have been conventionally
driven using the driving power of the internal combustion
engine in anelectric vehicle and ahybrid vehicle, are also
often driven by another AC rotating electrical machine
(auxiliary machine motor). Unlike a vehicle to which
electric power is supplied from an overhead line like a
railway, in an automobile, the AC rotating electrical ma-
chine is driven by AC power supplied from a DC power
supply such as a battery mounted on the vehicle via an
inverter. TheACrotatingelectricalmachine includescoils
of multiple phases for generating a rotating magnetic
field. In addition, the inverter that converts power be-
tween a DC and an AC is configured as a bridge circuit
using a switching device. When a DC power supply that
supplies power to the rotating electrical machine is
charged by receiving power supply from an external
AC power supply, the vehicle is stopped (parked), and
thus, coils of the rotating electrical machine and an
inverter that drives the rotating electrical machine are
not used to drive the rotating electrical machine. There-
fore, by using coils of a rotating electrical machine or an
inverter for driving the rotating electrical machine for the
in-vehicle charging device 10, it is possible to suppress

an increase in system cost due to mounting of the in-
vehicle charging device 10 on a vehicle.
[0029] The circuit block diagram of Fig. 4 is one ex-
ample of the in-vehicle charging device 10 using thedrive
control system of the rotating electrical machine, and
illustrates a fourth example of the in-vehicle charging
device 10. As is clear from the comparison between Figs.
3 and 4, the first switching circuit 211 in the first chopper
circuit 21 is configured using a first inverter 5 to be
described later. In addition, the first choke coil Le1 in
the first chopper circuit 21 is configured using first stator
coils 7 of a first rotating electrical machine 70 to be
described later. The first output capacitor Cs1 is con-
nected to a neutral point 7N of the first stator coils 7.
Similarly, the second switching circuit 212 in the second
chopper circuit 22 is configured using a second inverter
50 tobedescribed later. In addition, thesecondchokecoil
Le2 in the second chopper circuit 22 is configured using
second stator coils 8 of a second rotating electrical ma-
chine 8M to be described later. The second output ca-
pacitor Cs2 is connected to a neutral point 8N of the
second stator coils 8.
[0030] As described above, the rotating electrical ma-
chine mounted on a vehicle is not limited to a traction
motor that drives wheels, andmay be amotor that drives
a compressor of an air conditioner, amotor that drives an
electric oil pump, a motor that drives an electric water
pump for circulating cooling water, or the like. Here, the
term "motor" is used because the term "drive" is focused
on, but the term "motor" and the term "rotating electrical
machine" are synonymous. Since the in-vehicle air con-
ditioner and the electric oil pump are referred to as an
auxiliary machine with respect to the vehicle driving
device 9 as a main machine, in the following description,
amotor serving as a driving power source of wheels may
be referred to as a tractionmotor, and amotor serving as
a driving power source of the in-vehicle air conditioner
and the electric oil pump may be referred to as an
auxiliary machine motor serving as a driving power
source of the auxiliary machine. The first rotating elec-
trical machine 70 described above corresponds to a
traction motor. The second rotating electrical machine
8M corresponds to an auxiliary machine motor.
[0031] Here, a drive control system of a rotating elec-
trical machine will be described. The schematic circuit
block diagram of Fig. 7 illustrates one example of a drive
control system of the first rotating electrical machine 70.
Since the drive control system of the second rotating
electrical machine 8M can be easily understood from
the description of the drive control system of the first
rotating electrical machine 70, here, the drive control
system of the first rotating electrical machine 70 will be
described as a representative example, and the descrip-
tion of the drive control system of the second rotating
electrical machine 8M will be omitted.
[0032] As illustrated in Fig. 7, the vehicle driving device
9 includes the first rotating electrical machine 70 that
serves as a driving power source for wheels of a hybrid
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vehicle, an electric vehicle, or the like, and the first
inverter 5 that is connected to the first rotating electrical
machine 70 and the first DCpower supply 3 and converts
power betweenaDCandanACofmultiple phases (here,
threephases).Note that thevehicle drivingdevice9 isnot
prevented from including other driving power sources
such as an internal combustion engine (not illustrated)
in addition to the first rotating electrical machine 70.
[0033] As illustrated in Fig. 7, the vehicle driving device
9 includes a control device 80 that controls a first rotating
electrical machine 70 serving as a driving power source
of the vehicle, and the control device 80 performs current
feedback control to perform drive control of the first
rotating electrical machine 70. The first rotating electrical
machine 70 to be driven is an interior permanent magnet
synchronous motor (IPMSM) including a stator in which
first stator coils 7 ofmultiple phases (NphaseswhereN is
any natural number; a three-phase form where N=3 is
exemplified in the present embodiment) are disposed,
and a rotor in which a permanent magnet is disposed in a
rotor core. Such a configuration is known, and illustration
of the stator core, the stator, the rotor core, the rotor, the
permanent magnet, and the like is omitted in the present
embodiment. In the present embodiment, a Y-type (star
type) form in which the first stator coils 7 of three phases
are shortcircuited at the neutral point 7N is illustrated.
However, thefirst rotatingelectricalmachine70maybe in
a form including, for example, two sets of first stator coils
7 of three phases, and driven by an AC of six phases.
Note that the first rotating electrical machine 70 can
function as both an electric motor and a generator.When
the first rotating electrical machine 70 functions as an
electric motor, the first rotating electrical machine 70 is in
a powering state, and when the first rotating electrical
machine 70 functions as a generator, the first rotating
electrical machine 70 is in a regeneration state.
[0034] The first inverter 5 is connected to the first AC
rotating electrical machine 70 and the first DC power
supply 3 to convert power between an AC and a DC of
multiple phases. A pair of DC side terminals of the first
inverter 5 is connected to a positive electrode terminal
and a negative electrode terminal of the first DC power
supply 3. In addition, the AC-side terminals of multiple
phases of the first inverter 5 are connected to the respec-
tive first stator coils 7 of multiple phases. In the present
embodiment, the first inverter 5 includes a U-phase arm,
a V-phase arm, and a W-phase arm as arms of multiple
phases. Each of the arms is formed by connecting an
upper-stage side switching device 5U disposed on the
positive electrode side and a lower-stage side switching
device 5L disposed on the negative electrode side in
series. Amidpoint of each arm, that is, a connection point
between the upper-stage side switching device 5U and
the lower-stage side switching device 5L is connected to
the corresponding first stator coil 7. Specifically, the
midpoint of the U-phase arm and a U-phase coil 7u are
connected, the midpoint of the V-phase arm and a V-
phase coil 7v are connected, and the midpoint of the W-

phase arm and a W-phase coil 7w are connected.
[0035] A smoothing capacitor (first DC link capacitor 6)
that smooths a voltage (DC link voltage) between the
positive electrode and the negative electrode is provided
on theDC side of the first inverter 5. In addition, a voltage
sensor (DC link voltage sensor 61) that detects the DC
link voltage is also provided on the DC side of the first
inverter 5.
[0036] The first inverter 5 includes a plurality of switch-
ing devices 5S. The present embodiment exemplifies a
form in which an FET is used as the switching device 5S.
In addition to the FET, an insulated gate bipolar transistor
(IGBT) may be used for the switching device 5S.
[0037] The first inverter 5 is controlled by the control
device 80. The control device 80 is constructed using a
logic circuit such as a microcomputer as a core member.
For example, the control device 80drives the first rotating
electricalmachine 70 via the first inverter 5 by performing
current feedback control on the basis of a target torque
(torque command) of the first rotating electrical machine
70 provided as a request signal from another control
device such as a vehicle control device 90 which is
one of host control devices. Note that an operating vol-
tage of a logic circuit element such as amicrocomputer is
generally 5 volts or less. In the present embodiment, a
control signal generated by the logic circuit element is
transmitted to thefirst inverter 5viaadrivecircuit,which is
not illustrated for simplicity. Alternatively, it may be con-
sidered that the control device 80 includes a drive circuit.
[0038] Actual currents flowing through the first stator
coils 7 of respective phases of the first rotating electrical
machine 70 are detected by a current sensor (motor
current sensor 81), and the control device 80 acquires
the detection result. The magnetic pole position (elec-
trical angle) and the rotational speed (angular velocity) of
the rotor of the first rotating electrical machine 70 at each
time point are detected by a rotation sensor 82 such as,
for example, a resolver or an inductive position sensor,
and the control device 80 acquires the detection result.
The control device 80 executes current feedback control
using the detection results of themotor current sensor 81
and the rotation sensor 82. The control device 80 in-
cludes various functional units for current feedback con-
trol, and each functional unit is realized by cooperation of
hardware such as a microcomputer and software (pro-
gram).
[0039] As described above, the first rotating electrical
machine 70 connected to the first DC power supply 3 via
the first inverter 5 functions as an electric motor by the
power supplied from the first DC power supply 3, and can
also function as a generator to charge the first DC power
supply 3. For example, in a hybrid vehicle, mechanical
energy can be supplied to the first rotating electrical
machine 70 by power of an internal combustion engine
or the like to cause the first rotating electrical machine 70
to generate power, but there are few opportunities for
power generation, and the firstDCpower supply 3 cannot
be sufficiently charged in some cases. In addition, in an
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electric vehicle in which only the first rotating electrical
machine 70 ismounted as a driving power source, power
generation is limited to that by mechanical energy from
wheels in inertial traveling or the like, and the first DC
power supply 3 cannot be sufficiently charged in many
cases. In the hybrid vehicle, sometimes the energy effi-
ciency is better when the electric power is supplied from
the outside than when the electric power is generated by
the first rotating electrical machine 70. For this reason, it
is preferable that the first DC power supply 3 can be
charged by an external power supply in a state where the
first DC power supply 3 is mounted on the vehicle.
[0040] In a case where the first DC power supply 3 is
chargedby theexternalACpower supply4, the in-vehicle
charging device 10 is preferably mounted on the vehicle
as in the present embodiment. As described above with
reference to the first example to the third example, the in-
vehicle charging device 10 including the power conver-
sion circuit tends to have a large circuit scale, but the
opportunity to charge the first DC power supply 3 is
smaller than the opportunity to drive the wheels. When
the first DC power supply 3 is charged by the external AC
power supply 4, the vehicle is stopped (parked). In the
fourth example, the in-vehicle charging device 10 is
configured using the first inverter 5 and the first stator
coils 7.
[0041] As described above, the in-vehicle charging
device 10 of the present embodiment is configured to
be able to charge the first DC power supply 3 and the
second DC power supply 30. In addition, the first rotating
electrical machine 70 and the first inverter 5 are isolated
from the primary-side circuit 1a of the AC-DC converter 1
by the transformer T. Similarly, the second rotating elec-
tricalmachine 8Mand the second inverter 50 are isolated
from the primary-side circuit 1a of the AC-DC converter 1
by the transformer T. On the other hand, the first rotating
electrical machine 70 and the first inverter 5 are con-
nected to the first DC power supply 3 connected to the
first chopper circuit 21, and the second rotating electrical
machine 8Mand the second inverter 50 are connected to
the secondDCpower supply 30 connected to the second
chopper circuit 22. In other words, the first DC power
supply 3 is connected to the first rotating electrical ma-
chine 70 including the first stator coils 7 of multiple
phases connected to each other at the neutral point 7N
via the first inverter 5 that converts power between a DC
andanAC. In addition, the secondDCpower supply 30 is
connected to the second rotating electrical machine 8M
including the second stator coils 8 of multiple phases
connected to each other at the neutral point 8N via the
second inverter 50 that converts power between a DC
and an AC.
[0042] Therefore, in the fourth example, the first chop-
per circuit 21 is configured using the first inverter 5 and
the first stator coils 7, and the second chopper circuit 22 is
configured using the second inverter 50 and the second
stator coils 8. Specifically, the first chopper circuit 21
includes a first switching circuit configured using the first

inverter 5, a first choke coil configured using the first
stator coils 7 of multiple phases, and the first output
capacitor Cs1 connected to the neutral point 7N of the
first stator coils 7 of multiple phases. In addition, the
second chopper circuit 22 includes a second switching
circuit configured using the second inverter 50, a second
choke coil configured using the second stator coils 8 of
multiple phases, and the second output capacitor Cs2
connected to the neutral point 8N of the second stator
coils 8 of multiple phases.
[0043] The first inverter 5 includes arms for one phase
in which the upper-stage side switching device 5U and
the lower-stage side switching device 5L are connected
in series, the number ofwhich corresponds to thenumber
ofACphasesofmultiple phases (here, three correspond-
ing to three phases), in parallel. Similarly, the second
inverter 50 includes arms for one phase in which an
upper-stagesideswitchingdevice50Uanda lower-stage
side switching device 50L are connected in series, the
number of which corresponds to the number of AC
phases of multiple phases (here, three corresponding
to three phases), in parallel. When the first inverter 5
functions as the switching circuit of the first chopper
circuit 21, all the upper-stage side switching devices
5U of the arms of multiple phases are simultaneously
controlled to be turned on and off in the same manner,
and all the lower-stage side switching devices 5L of the
arms of multiple phases are simultaneously controlled to
be turned on and off in the same manner. Therefore, the
first inverter 5 having a plurality of arms apparently func-
tions as the first switching circuit 211 including one arm in
which the upper-stage side switching device 5U and the
lower-stage side switching device 5L are connected in
series. The second inverter 50 also apparently functions
as the second switching circuit 212 including one arm in
which the upper-stage side switching device 50Uand the
lower-stage side switching device 50L are connected in
series.
[0044] One end of each of the first stator coil 7 and the
second stator coil 8 of each phase of multiple phases is
connected to the midpoint of the arm corresponding to
eachphase, and theother end is connected to the neutral
point 7N and the neutral point 8N. As described above,
since the arms of multiple phases are similarly subjected
to the switching control, the current similarly flows
through the first stator coil 7 of each phase between
the armand the neutral point 7N, and the current similarly
flows through the second stator coil 8 of each phase
between the arm and the neutral point 8N. Therefore,
the first stator coils 7 of multiple phases can be regarded
as one coil, and the first stator coils 7 function as the first
choke coil Le1 in which one-end side is connected to the
midpoint of the switching circuit and the other end side is
connected to the output capacitor Cs in the chopper
circuit. Similarly, the second stator coils 8 of multiple
phases can be regarded as one coil, and function as
the second choke coil Le2.
[0045] As illustrated in Fig. 4, the in-vehicle charging
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device 10 of the fourth example includes, in addition to
the firstmain contactor 11, the secondmain contactor 14,
and the grid contactor 13, a first function switching con-
tactor 12andasecond functionswitching contactor 15 for
switching between a control function of the rotating elec-
trical machine and a charging function of the DC power
supply. These contactors are controlled by the control
device 80, the control device 80 and the vehicle control
device90,oracontrol device (not illustrated) that controls
the second rotating electrical machine 8M in addition to
these devices. Note that the contactors of the first to third
examples are similarly controlled by the vehicle control
device 90 and a control device (not illustrated) that con-
trols the in-vehicle charging device 10. As described
above with reference to Fig. 7, the control device 80
and the vehicle control device 90 are also included in
thedrivecontrol systemof the rotatingelectricalmachine,
and it can be said that the control device 80, the vehicle
control device 90, and a control device (not illustrated)
that controls the second rotating electrical machine 8M
are also shared by the drive control of the rotating elec-
trical machine and the charge control by the in-vehicle
charging device 10. As is apparent from Figs. 3, 4, and 7,
the first DC link capacitor 6 and the second DC link
capacitor 60 can also be shared by drive control of the
rotating electrical machine and charge control by the in-
vehicle charging device 10.
[0046] As described abovewith reference to Fig. 7, the
first main contactor 11 is installed so as to be able to
connect and disconnect electrical connection between
the first DC power supply 3 and the first inverter 5. In a
casewhere the first inverter 5 and the first stator coils 7 of
the first rotating electrical machine 70 are also used as
the in-vehicle charging device 10, the connection form to
the first DC power supply 3 is switched. Therefore, the
first main contactor 11 includes a first main contactor first
contact 11a and a first main contactor second contact
11b. When the first inverter 5 functions as the vehicle
driving device 9, the first main contactor first contact 11a
is closed and the first main contactor second contact 11b
is opened. When the first inverter 5 functions as the in-
vehicle charging device 10, the first main contactor sec-
ond contact 11b is closed and the firstmain contactor first
contact 11a is opened. When the vehicle is parked with-
out charging the first DC power supply 3, both the first
main contactor first contact 11a and the first main con-
tactor secondcontact 11barebrought into theopenstate,
whereby the first main contactor 11 can be brought into
the open state.
[0047] The first function switching contactor 12 elec-
trically connects the output of the first chopper circuit 21
as theDC-DCconverter 2 and the firstDCpower supply 3
in the closed state. Specifically, the first function switch-
ing contactor 12 connects the neutral point 7N and the
positive electrode of the first DC power supply 3 in the
closed state, and connects the positive electrode side
terminal of the first output capacitor Cs1 and the positive
electrode of the first DC power supply 3. As described

above, the grid contactor 13 disconnects the electrical
connection between the AC-DC converter 1 and the
external AC power supply 4.
[0048] When the first inverter 5 is used for drive control
of the first rotating electrical machine 70, the first main
contactor first contact 11a is closed, and the first function
switching contactor 12 and the grid contactor 13 are
controlled to be in an open state, and power is converted
between the first DC power supply 3 and the first rotating
electricalmachine70via the first inverter 5.When thefirst
inverter 5 isusedas the in-vehicle chargingdevice10, the
firstmain contactor second contact 11b is closed, the first
function switching contactor 12 and the grid contactor 13
are controlled to be in a closed state, and the first DC
power supply 3 is charged by the external AC power
supply 4.
[0049] As illustrated in Fig. 4, the second main con-
tactor 14 is installed so as to be able to connect and
disconnect electrical connection between the secondDC
power supply 30 and the second inverter 50. When the
second inverter 50 and the second stator coils 8 of the
second rotating electrical machine 8M are also used as
the in-vehicle charging device 10, the connection form to
the second DC power supply 30 is switched. Therefore,
the second main contactor 14 includes a second main
contactor first contact 14a and a second main contactor
second contact 14b. When the second inverter 50 func-
tions as the vehicle driving device 9, the second main
contactor first contact 14a is closed and the secondmain
contactor second contact 14b is opened. When the sec-
ond inverter 50 functions as the in-vehicle charging de-
vice 10, the secondmain contactor second contact 14b is
closed and the secondmain contactor first contact 14a is
opened. When the second DC power supply 30 is not
charged and, for example, the main switch (ignition
switch) of the vehicle is in the off state and the auxiliary
machine is also stopped, both the secondmain contactor
first contact 14a and the second main contactor second
contact 14b are brought into the open state, so that the
second main contactor 14 can be brought into the open
state.
[0050] The second function switching contactor 15
electrically connects the output of the second chopper
circuit 22 as the DC-DC converter 2 and the second DC
power supply 30 in the closed state. Specifically, the
second function switching contactor 15 connects the
neutral point 8N and the positive electrode of the second
DCpower supply 30 in the closed state, and connects the
positive electrode side terminal of the second output
capacitor Cs2 and the positive electrode of the second
DC power supply 30. As described above, the grid con-
tactor 13 disconnects the electrical connection between
theAC-DCconverter 1 and the external ACpower supply
4.
[0051] When the second inverter 50 is used for drive
control of the second rotating electrical machine 8M, the
secondmain contactor first contact 14a is closed, and the
second function switching contactor 15 and the grid
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contactor 13 are controlled to be in an open state, and
power is converted between the second DC power sup-
ply 30 and the second rotating electrical machine 8M via
the second inverter 50. When the second inverter 50 is
used as the in-vehicle charging device 10, the second
main contactor second contact 14b is closed, the second
function switching contactor 15 and the grid contactor 13
are controlled to be in a closed state, and the second DC
power supply 30 is charged by the external AC power
supply 4.
[0052] Thus, it is possible to realize a circuit capable of
switching between the function of driving and controlling
the rotating electrical machine and the function of char-
ging the DC power supply with the external AC power
supply 4 only by changing the connection form to the
inverter and the stator coils. That is, a DC power supply
connected to the rotating electrical machine can be
charged by using both coils included in the rotating
electrical machine and an inverter for driving and con-
trolling the rotating electrical machine. By using both of
the coils and the inverter, the in-vehicle charging device
10 can be configured on a small scale.
[0053] Note that the second DC power supply 30 can
also be charged with power supplied from the first DC
power supply 3 or the first rotating electrical machine 70.
For example, in a state where the external AC power
supply 4 is not connected and the first DCpower supply 3
is not charged (the grid contactor 13 and the first function
switching contactor 12are in anopenstate), the firstmain
contactor first contact 11a is closed with respect to the
first DC power supply 3, and the second main contactor
second contact 14b and the second function switching
contactor 15 are closed with respect to the second DC
power supply 30. In this state, the first rotating electrical
machine 70 performs powering operation with the power
supplied from the first DC power supply 3, or when the
first rotating electrical machine 70 includes wheels, an
internal combustion engine, or the like, performs regen-
erative operation by generating power with the motive
power transmitted from the internal combustion engine,
and supplies power to the first DC power supply 3.
[0054] Thesecondary-side first bridge circuit 112of the
AC-DCconverter 1 is connected to theDCside of the first
DC link capacitor 6, the first DC power supply 3, and the
first inverter 5.Power from thefirstDC linkcapacitor6, the
first DC power supply 3, and the first inverter 5 can be
transmitted to the secondary-side second coil T22 via the
secondary-side first coil T21 towhich the secondary-side
first bridge circuit 112 is connected and the primary-side
coil T1.Thesecondary-sidesecondcoil T22 is connected
to the secondary-side second bridge circuit 113, and the
secondary-side second bridge circuit 113 is connected to
the second DC link capacitor 60 and the second chopper
circuit 22. The power supplied from the secondary-side
second bridge circuit 113 is supplied to the second DC
power supply 30 via the second chopper circuit 22 as
described above.
[0055] In a case where the second rotating electrical

machine 8M is an auxiliary machine motor for an air
conditioner, in a state where the air conditioner is not
used, the secondDCpower supply 30 can be charged by
the power (including both power supplied from the first
DC power supply 3 and power regenerated in the first DC
power supply 3) of the first DC power supply 3 without
connecting the external AC power supply 4 as described
above. Here, the auxiliary machine motor for the air
conditioner has been exemplified, but the same applies
to a case where the second rotating electrical machine
8M is another auxiliary machine motor.
[0056] In addition, here, a form inwhich the secondDC
power supply 30 is charged by the power of the first DC
power supply 3 in the in-vehicle charging device 10
illustrated in Fig. 4 has been described. However, also
in the in-vehicle chargingdevice 10 illustrated inFigs. 1 to
3 that does not use a rotating electrical machine, the
secondDCpower supply 30canbechargedby thepower
of the first DC power supply 3 (in this case, power sup-
plied from thefirstDCpower supply 3)without connecting
the external AC power supply 4. Since the open/close
state of the contactor and the flow of power are as
described above with reference to Fig. 4, detailed de-
scription thereof will be omitted.
[0057] In the present embodiment, since the form in
which the first DC power supply 3 is a high-voltage DC
power supply and the second DC power supply 30 is a
low-voltageDCpower supply is taken as an example, the
form in which the second DC power supply 30 is charged
by the power of the first DC power supply 3 has been
exemplified. However, as described above, the first DC
power supply 3 and the secondDC power supply 30may
have the same rated voltage or the same storage capa-
city. Further, this does not hinder the first rotating elec-
trical machine 70 and the second rotating electrical ma-
chine 8M being, for example, running motors (2-motor
automobile, open winding type rotating electrical ma-
chine including two sets of inverters, and the like) or
auxiliary machine motors. Therefore, the present disclo-
sure is not limited to a form inwhich the secondDCpower
supply 30 is charged with the power of the first DC power
supply 3, and a form in which the first DC power supply 3
is chargedwith the power of the secondDCpower supply
30may be adopted. As amatter of course, switchingmay
be possible between the case of charging the secondDC
power supply 30 with the power of the first DC power
supply 3 and the case of charging the first DC power
supply 3 with the power of the second DC power supply
30.
[0058] As described above, the second DC power
supply 30 can also be charged by the power supplied
from the first DC power supply 3 or the first rotating
electrical machine 70, and the first DC power supply 3
can also be charged by the power supplied from the
second DC power supply 30 or the second rotating
electrical machine 8M. Therefore, in the in-vehicle char-
ging device 10, the third example illustrated in Fig. 3may
beconfigured as the fifth example illustrated inFig. 5, and
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the fourth example illustrated in Fig. 4may be configured
as the sixth example illustrated in Fig. 6.
[0059] As compared with the in-vehicle charging de-
vice10of thefirst example, the in-vehicle chargingdevice
10 of the fifth example illustrated in Fig. 5 further includes
a chopper circuit (first chopper circuit 21) that includes a
switching circuit (first switching circuit 211), a choke coil
(first choke coil Le1), and an output capacitor (first output
capacitor Cs1) and converts the first DC power into the
thirdDCpower. Similarly to the third example, the first DC
link capacitor 6 is disposed at a portion where the first
output capacitor Cs1 is disposed in the first example. It
can be said that the in-vehicle charging device 10 of the
fifth example is configured without including the second
chopper circuit 22 in relation to the in-vehicle charging
device 10 of the third example. The in-vehicle charging
device 10 of the fifth example charges the first DC power
supply 3with the thirdDCpower, and charges the second
DC power supply 30 with the second DC power.
[0060] By providing the DC-DC converter 2 including
the chopper circuit (for example, the first chopper circuit
21), it is possible to suppress the pulsation component in
the third DC power as compared with the first DC power.
In addition, the third DCpower and the secondDC power
are both power on the secondary side of the transformer
T. Since the primary-side coil T1 and the secondary-side
first coil T21 are electromagnetically coupled to each
other, and pulsation of the third DC power in the first
chopper circuit 21 connected to the secondary-side first
coil T21 is suppressed, pulsation of the DC power (sec-
ond DC power) appearing in the secondary-side second
coil T22 electromagnetically coupled to the primary-side
coil T1 is also suppressed.
[0061] In the in-vehicle charging device 10 of the fifth
example described above with reference to Fig. 5, a form
hasbeenexemplified inwhich the firstDCpower supply 3
is charged with the DC power subjected to the two-stage
power conversion from the AC power via the AC-DC
converter 1 and the DC-DC converter 2, and the second
DC power supply 30 is charged with the DC power sub-
jected to the one-stage power conversion from the AC
power via only the AC-DC converter 1. However,
althoughnot illustrated, a formmaybeemployed inwhich
the second DC power supply 30 instead of the first DC
power supply 3 is charged with DC power subjected to
two-stage power conversion from AC power via the AC-
DC converter 1 and the DC-DC converter 2, and the first
DC power supply 3 is charged with DC power subjected
to one-stage power conversion from AC power via only
the AC-DC converter 1.
[0062] That is, in contrast to the form of the first ex-
ample, the in-vehicle charging device 10 may further
include a chopper circuit (second chopper circuit 22) that
includes a switching circuit (second switching circuit
212), a choke coil (second choke coil Le2), and an output
capacitor (secondoutput capacitorCs2)andconverts the
second DC power into the fourth DC power. Similarly to
the third example, the second DC link capacitor 60 is

disposed at a portion where the second output capacitor
Cs2 is disposed in the first example. In relation to the form
of the third example, it can be said that the first chopper
circuit 21 is not provided. In this case, the in-vehicle
charging device 10 charges the first DC power supply
3 with the first DC power, and charges the second DC
power supply 30 with the fourth DC power.
[0063] As described above, the in-vehicle charging
device 10 of the fifth example includes the chopper circuit
(first chopper circuit 21 or second chopper circuit 22) that
includes the switching circuit (first switching circuit 211 or
second switching circuit 212), the choke coil (first choke
coil Le1 or second choke coil Le2), and the output capa-
citor (first output capacitor Cs1 or second output capa-
citor Cs2) and converts the first DC power into the third
DC power or converts the second DC power into the
fourth DC power. In a case where the chopper circuit
(first chopper circuit 21) converts the first DC power into
the thirdDCpower, the firstDCpower supply 3 is charged
with the thirdDCpower, and the secondDCpower supply
30 is chargedwith the secondDCpower. In a casewhere
the chopper circuit (second chopper circuit 22) converts
the second DC power into the fourth DC power, the first
DCpowersupply 3 is chargedwith thefirstDCpower, and
the secondDCpower supply 30 is chargedwith the fourth
DC power.
[0064] By providing the DC-DC converter 2 including
the chopper circuit (first chopper circuit 21) between the
AC-DC converter 1 and the first DC power supply 3, it is
possible to suppress the pulsation component in the third
DC power as compared with the first DC power. The third
DC power and the second DC power are both power on
the secondary side of the transformer T. Since the pri-
mary-side coil T1 and the secondary-side first coil T21
are electromagnetically coupled to each other, and pul-
sation of the third DC power in the first chopper circuit 21
connected to the secondary-side first coil T21 is sup-
pressed, pulsation of the DC power (second DC power)
appearing in the secondary-side second coil T22 elec-
tromagnetically coupled to theprimary-side coil T1 is also
suppressed. Similarly, by providing theDC-DC converter
2 including the chopper circuit (second chopper circuit
22) between the AC-DC converter 1 and the second DC
power supply 30, it is possible to suppress the pulsation
component in the fourth DC power as compared with the
second DC power. The fourth DC power and the first DC
power are both power on the secondary side of the
transformer T. Since the primary-side coil T1 and the
secondary-side first coil T21 are electromagnetically
coupled to each other, and pulsation of the fourth DC
power in the second chopper circuit 22 connected to the
secondary-side second coil T22 is suppressed, pulsation
of the DC power (first DC power) appearing in the sec-
ondary-side first coil T21 electromagnetically coupled to
the primary-side coil T1 is also suppressed. That is, by
providing the DC-DC converter 2 having the chopper
circuit in either one of between the secondary-side first
bridge circuit 112 and the first DC power supply 3 or
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between the secondary-side second bridge circuit 113
and the second DC power supply 30, it is possible to
appropriately suppress the pulsation of the DC power for
charging supplied to both the first DC power supply 3 and
the second DC power supply 30.
[0065] Similarly to the relationship between the third
example and the fourth example, in the fifth example as
well, for example, as in the in-vehicle charging device 10
of a sixth example to be described later with reference to
Fig. 6, a stator coil of a rotating electrical machine and an
inverter that drives the rotating electrical machine can be
used as a switching circuit and a choke coil constituting a
chopper circuit. That is, in a case where a DC power
supply charged via a chopper circuit (first chopper circuit
21 or second chopper circuit 22) among the first DC
power supply 3 and the second DC power supply 30 is
connected to a rotating electrical machine (first rotating
electrical machine 70 or second rotating electrical ma-
chine 8M) including stator coils (first stator coils 7 or
second stator coils 8) of multiple phases connected to
each other at a neutral point (7N or 8N) via an inverter
(first inverter 5 or second inverter 50) that converts power
between a DC and an AC, the chopper circuit (first
chopper circuit 21 or second chopper circuit 22) can
include a switching circuit (first switching circuit 211 or
second switching circuit 212) configured using the inver-
ter (first inverter 5or second inverter 50), a chokecoil (first
choke coil Le1 or second choke coil Le2) configured
using stator coils of multiple phases (first stator coils 7
or second stator coils 8), and an output capacitor (first
output capacitor Cs1 or second output capacitor Cs2)
connected to a neutral point (7N or 8N) of the stator coils
of multiple phases (first stator coils 7 or second stator
coils 8).
[0066] Fig. 6 illustratesasixthexampleof the in-vehicle
charging device 10. A form is illustrated in which the first
DCpower supply 3 charged via the first chopper circuit 21
is connected to the first rotating electrical machine 70
including the first stator coils 7 of multiple phases con-
nected to each other at the neutral point 7N via the first
inverter 5 that converts power between a DC and an AC,
the first chopper circuit 21 includes the first switching
circuit 211 configured using the first inverter 5, the first
choke coil Le1 configured using the first stator coils 7 of
multiple phases, and the first output capacitor Cs1 con-
nected to the neutral point 7N of the first stator coils 7 of
multiple phases. Details of the function switchingmethod
and the like are the same as those of the in-vehicle
charging device 10 of the fourth example described
above with reference to Figs. 4 and 7, and thus detailed
description is omitted.
[0067] Although not illustrated, similarly, in a case
where the firstDCpower supply 3 charged via the second
chopper circuit 22 is connected to the second rotating
electrical machine 8M including the second stator coils 8
of multiple phases connected to each other at the neutral
point 8N via the second inverter 50 that converts power
between a DC and an AC, the second chopper circuit 22

may include the second switching circuit 212 configured
using the second inverter 50, the second choke coil Le2
configured using the second stator coils 8 of multiple
phases, and the second output capacitor Cs2 connected
to the neutral point 8N of the second stator coils 8 of
multiple phases.
[0068] That is, a DC power supply connected to the
rotating electrical machine can be charged by using both
coils included in the rotating electrical machine and an
inverter for driving and controlling the rotating electrical
machine. By using both of the coils and the inverter, the
in-vehicle charging device 10 can be configured on a
small scale.
[0069] By the way, in recent years, it has been pro-
posed to useaDCpower supply of anelectric vehicle or a
hybrid vehicle as an emergency power supply at the time
of disaster or the like. The first chopper circuit 21 and the
second chopper circuit 22 are bidirectional chopper cir-
cuits, and function as a buck converter from the AC-DC
converter 1 toward the first DC power supply 3 and the
second DC power supply 30, and function as a boost
converter from the first DC power supply 3 and the
secondDCpower supply 30 toward theAC-DCconverter
1 (however, in this case, DC-AC conversion is per-
formed.). As illustrated in Fig. 1 and the like, the AC-
DC converter 1 includes the full-bridge circuit, so that the
AC-DC converter 1 can function as a bidirectional power
converter having not only a function of converting an AC
to a DC but also a function of converting a DC to an AC.
That is, DC-AC conversion is performed by the AC-DC
converter1, commercialACpowercanbeoutput from the
AC-DC converter 1, and the first DC power supply 3 and
the second DC power supply 30 can be used as emer-
gency power supplies.
[0070] In a case where the in-vehicle charging device
10 charges the first DC power supply 3 and the second
DCpower supply 30with the external ACpower supply 4,
theAC-DCconverter 1 functions asanAC-DCTABboost
converter, and theDC-DC converter 2 functions as aDC-
DC buck converter. In a case where the in-vehicle char-
ging device 10 functions as an emergency AC power
supply that outputs AC power by the power stored by the
first DC power supply 3 and the secondDC power supply
30, the DC-DC converter 2 functions as a DC-DC boost
converter, and the AC-DC converter 1 functions as aDC-
AC TAB buck converter.
[0071] As described above by exemplifying various
aspects, according to the present embodiment, the in-
vehicle charging device that charges the in-vehicle DC
power supply with the power from the external AC power
supply can be configured with suppressed system cost.
[0072] It is explicitly stated that all features disclosed in
the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value

5

10

15

20

25

30

35

40

45

50

55



14

23 EP 4 497 624 A1 24

ranges or indications of groups of entities disclose every
possible intermediate value or intermediate entity for the
purpose of original disclosure as well as for the purpose
of restricting the claimed invention, in particular as limits
of value ranges.

Claims

1. An in-vehicle chargingdevice (10) that chargesafirst
direct current (DC) power supply (3) and a second
DC power supply (30) electrically isolated from the
firstDCpower supply (3)withpowersupplied froman
external alternating current (AC) power supply (4),
the in-vehicle charging device (10) comprising

an AC-DC converter (1) that converts power
between AC power on the external AC power
supply (4) side and first DCpower on the first DC
power supply (3) side, and converts power be-
tween AC power on the external AC power
supply (4) side and second DC power on the
second DC power supply (30) side,
wherein the AC-DC converter (1) is
a triple active bridge circuit including:

a transformer (T) including a primary-side
coil (T1), a secondary-side first coil (T21),
and a secondary-side second coil (T22);
a primary-side bridge circuit (111) con-
nected to the primary-side coil (T1);
a secondary-side first bridge circuit (112)
connected to the secondary-side first coil
(T21); and
a secondary-side second bridge circuit
(113) connected to the secondary-side sec-
ond coil (T22), and
the primary-side bridge circuit (111) in-
cludes a bidirectional switching device.

2. The in-vehicle charging device (10) according to
Claim 1, comprising:

a first chopper circuit (21) that includes a first
switching circuit (211), a first choke coil (Le1),
and a first output capacitor (Cs1), and converts
the first DC power into third DC power; and
a second chopper circuit (22) that includes a
second switching circuit (212), a second choke
coil (Le2), and a second output capacitor (Cs2),
and converts the second DC power into fourth
DC power,
wherein the first DC power supply (3) is charged
with the third DC power, and
the second DC power supply (30) is charged
with the fourth DC power.

3. The in-vehicle charging device (10) according to

Claim 2, wherein

the first DC power supply (3) is connected to a
first rotating electrical machine (70) via a first
inverter (5), the first rotating electrical machine
(70) including a first stator coil (7) of multiple
phases connected to each other at a neutral
point (7N), the first inverter (5) converting power
between a DC and an AC,
the second DC power supply (30) is connected
to a second rotating electrical machine (8M) via
a second inverter (50), the second rotating elec-
trical machine (8M) including a second stator
coil (8) of multiple phases connected to each
other at a neutral point (8N), the second inverter
(50) converting power betweenaDCandanAC,
the first chopper circuit (21) includes:

the first switching circuit (211) configured
using the first inverter (5);
the first choke coil (Le1) configured using
the first stator coil (7) of multiple phases;
and
the first output capacitor (Cs1) connected to
the neutral point (7N) of the first stator coil
(7) of multiple phases,
the second chopper circuit (22) includes:

the second switching circuit (212) con-
figured using the second inverter (50);
the second choke coil (Le2) configured
using the second stator coil (8) of multi-
ple phases; and
the second output capacitor (Cs2) con-
nected to the neutral point (8N) of the
second stator coil (8) of multiple
phases.

4. The in-vehicle charging device (10) according to
Claim 1, comprising

a chopper circuit (21, 22) that includes a switch-
ing circuit (211, 212), a choke coil (Le1, Le2),
andanoutput capacitor (Cs1,Cs2) andconverts
the first DC power into third DC power or con-
verts the second DC power into fourth DC
power,
wherein, in a casewhere the chopper circuit (21,
22) converts the first DC power into the third DC
power,
the first DC power supply (3) is charged with the
third DC power, and
the second DC power supply (30) is charged
with the second DC power, and
in a case where the chopper circuit (21, 22)
converts the second DC power into the fourth
DC power,
the first DC power supply (3) is charged with the
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first DC power, and
the second DC power supply (30) is charged
with the fourth DC power.

5. The in-vehicle charging device (10) according to
Claim 4, wherein

a DC power supply (3, 30) charged via the
chopper circuit (21, 22) in the first DC power
supply (3) and the secondDCpower supply (30)
is connected to a rotating electricalmachine (70,
8M) via an inverter (5, 50), the rotating electrical
machine (70, 8M) including a stator coil (7, 8) of
multiple phases connected to each other at a
neutral point (7N, 8N), the inverter (5, 50) con-
verting power between a DC and an AC, and
the chopper circuit (21, 22) includes:

the switching circuit (211, 212) configured
using the inverter (5, 50);
the choke coil (Le1, Le2) configured using
the stator coil (7, 8) of multiple phases; and
the output capacitor (Cs1, Cs2) connected
to the neutral point (7N, 8N) of the stator coil
(7, 8) of multiple phases.

5

10

15

20

25

30

35

40

45

50

55



16

EP 4 497 624 A1



17

EP 4 497 624 A1



18

EP 4 497 624 A1



19

EP 4 497 624 A1



20

EP 4 497 624 A1



21

EP 4 497 624 A1



22

EP 4 497 624 A1



23

EP 4 497 624 A1



24

EP 4 497 624 A1



25

EP 4 497 624 A1

5

10

15

20

25

30

35

40

45

50

55



26

EP 4 497 624 A1

5

10

15

20

25

30

35

40

45

50

55



27

EP 4 497 624 A1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2022503713 T [0002]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

